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rated cai1x)xylic acid type polymer of 0 to 5 wt%; 2) a 
polymer which is obtained by graft-p ol ymerizing a 
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O-of30 mor^SrorTrore of the polyether compound, and 
has a purity of at least 75%: and 3) a scale inhibitor 
comprising a polymer which is obtained by graft-polym- 
erizing a monoethylenically unsaturated monomer onto 
a polyether compound having ethylene oxide of 80 
mol% or more as a structural unit, and has a hydroxyl 
group value of 30 mgKOH/g or more and an add value 
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Description 

BACKGROUND OF THE INVENTION 
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The oresent invention relates to a hydrophiiic graft polymer, a production process therefor, a coniPe^ition containing 
the hydro'J^^^^^^^ a scale inhibitor comprising the hydrophiiic graft polymer, and a scale .nh.b.t.on method 

using the hydrophiiic graft polymer. 

P pftrrX'^RnUND ART 

A hydrophiiic graft polymer, as obtained by graft-polymerizing an unsaturated carboxylic add type monomer su* 
as (meSSfc add ortoTpolyether compound, is used alone or in the form of a composition tor a scale '"htortor w 
for^Ss^fher ^Sposes. for'example. compositions, comprising the following ^^^^^^^^^.^^^ 
hydrophiiic graft polymer, the polyether compound which is a raw material thereof, and ^"""f 
tTeTolymer which is a by-product in the production ol the hydrophiiic graft polymer, are disdosed JP:A-55-71710^ 
JP aSSu ^Kl JP-A.7-53645. and are applied for various uses such as detergent builders and d«pereants of 

"^L^t fnyt ^ 

ance 2^ both low. and where they are applied for the above-mentioned uses, the desired performances cannot suff.- 
dently be obtained. In addition, their viscosity is high and they are diff icuH to handle. ^ ^ fe 

On the other hand, from the drcumstances that water having high concentration of calaum carbonate or the hte « 
used as a <*cula1ing water for effidency of utilization of water resources, it is recently required for a scale '"h brtor to 
ha^ a hfgS inhibition effect The above-mentioned known compositions are also used as the scale inhibitor, but 
the scale inhibitabilitytherert is low. which do not satisfy a recert high scale inhiMionstandar^^ 

^ tVcoSional production processes tor the above-mentioned hydrophiiic graft polymer, the graft rajo <^the 
unsaturated caiboxylic add type monomer to the polyether compound is low. and a large amount ^^f^J^ 
pS^ as used as^he raw material remains, unreacted. Therefore, there are proWenr^ in ttiat any of the resultart 
EJSr^Snc graft pdymers has poor purity, and In that where such polymers are used for the above-mentoned uses, the 
desired pertormances cannot suflidently be obtained. ^ waw, iin..nr 

In a «>oling water system, a bdler water system, a seawater desalting apparatus, a pulp *flester. abted< liqi^ 
concJrtrating ^k. an offield. and the like, predpitates (scales) such as caldum carbonate, ca^aunr, Pj^Pj^- ^'"J 
hydScide. and magnesium siDcate deposit on their inner walls, and as a result, various operatonal difficulties might 
35 occur such as decrease in heat effidency or local corrosion. t^.^^^t^rr^ 
In particular, where pipings made of iron are used in an aqueous system, there .sthe necessity a la^ 
amount of phos^oricaddcompound. zinc salt, or the like asacon-osioninhlbHor. In this case, fomri^^^ 

orisina caldum ohosphate or zinc hydroxide causes problems. . ^ ^ ■ 

US?4 Si48llpedfication dScribes that a polymer comprising a monomer component having hydroxyl group 
40 and a monomer djmponent having sulfonic add group hasan effectto inhibit scales of caldum phosphate, zinchydrox- 

HweJLTalthough such a polymer has an effect to some extent in inhibition of scale, since a monomer component 
having a specHic structure is used, there is a problem in that the synthesis thereof is difficult. 

45 SUMMARY OF THE INVENTION 

A <^R.iPOTSQ FTMPIM\/glsmQN 

An Object of the present invention Is to provide a hydrophiic graft polymer-containing composition vvWch has excel- 
lent physical properties such as dispersibility and gelation resistance and is easy to handle, and a scale inhibitor having 

high scale inhibitability. u:-u tha 

Another objed of the present invention is to provide a hydrophiiic graft polymer having a high Sraftjatio of the 
monoethylenically unsaturated monomer, only a small amount of unreaded polyether compound, and a high purity, and 
a production process and a use for the hydrophiiic graft polymer. . , , 

In addition, another object of the present imrention is to provide a scale inhibtor. whidi P^^^^^f^f^.^ 
inhibit scales sudi as caldum phosphate and zinc hydroxide and Is easily produced, and a method for inhibiting scales 
using the inhbitor. 
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B. DISCLOSUR E OF THE INVENTION 

As a result Of extensive investigations to solve the above-mentioned problems, the present inventors found that if 
the mutual proportions of the hydrophilic graft polymer, the polyether compound and the unsatuiated caiboxylic add 
type polymer are controlled, physical properties of the abovenmntioned composition are improved, and the conposi- 
tion becomes easy to harxile. thus attaining the present invention. 

That is to say. a hydrophiBc graft polymer-containing composition, according to the present invention, conprises a 
hydrophilic graft polymer and a polyether compound as essential components, and optionally further conprises an 
unsaturated carboxylic acid type polymer, wherein the hydrophilic graft polymer is obtained by a process including the 
st^ of graft-polymerizing a monoethylenically unsaturated monomer containing an unsaturated caiboxylic acid type 
monomer as an essential component onto a polyether compound, and wherein the unsaturated caiboxylic acid type 
polymer is obtained by a process including the step of polymerizing only the monoethylenically unsaturated monomer 
This composition is characterized in that mutual proportions of the hydrophilic graft polymer, the polyether conpound 
and the unsaturated carboxylic acid type polymer are such that the hydrophilic graft polymer is 60 to 98% by weight th ' 
polyether compound is 20 to 40% by weight, and the unsaturated caiboxylic add type pdymer Is 0 to 5% by weight 

A scale inhibitor, according to the present invention, conprises the above-mentioned hydrophilic graft polymer-con- 
taining composition as an essential component. 

In addition, as a result of extensive investigations, the present inventors further found that the above-mentioned 
problems can be solved if the above-mentioned graft polymerization is conducted in the presence of an oraanic perox- 
ide and an addic substance, thus attaining the present invention. 

That is to say. a hydrophilic graft polymer (A), according to the present invention, is a pdymer which is drained by 
a process induding the step of graft-polymerizing a monoethylenically unsaturated monomer containing an unsaturated 
cartx)xylic aad type monomer as an essential component onto a polyether compound having a number-average molec- 
ular weight of 100 or more and having a repeating unit represented by the fdlowing general formula: 

-RCH^Ha-O- 

(wherein R represents at least one of a hydrogen atom and a mettiyl group, and both may be present in one molecule) 
in an amount of 30 mol% or more of tiie whole of the polyether compound, and has a purity of at least 75% This 
hydrophilic graft polymer (A) is preferably obtained by a production piocess as mentioned below, but may be the one 
that is obtained by other processes. 

A scale inhibitor, according to the present invention, comprises the above-mentioned hydrophilic araft oolvmer (Ai 
of high purity as an essential component ^ w^ym^Kf^j 

A process for produdi^ a hydrophilic graft polymer, according to the present invention, is a process comprising the 
step of graft-pdymenzing a monoethylenically unsaturated monomer containing an unsaturated caiboxylic add type 
monomer as an essential component onto a polyether compound having a number-average mdecular weight of 100 or 
more and havBig ia repeating unit represented by ttie following general formula: 

-RCH-CH2-O- 

(wherein R represents at least one of a hydrogen atom and a methyl group, and both may be present in one molecule) 
in an amount of 30 mol% or more of the whole Of the polyether conpound in the presence of an organic peroxide and 
at least one acidic substance selected from the group consisting of organic sulfonic add compounds, phosphoric add 
compounds, and inorganic acids. 

In addition, as a result of extensive investigations, the present inventore noted tiiat a polymer obtained by graft- 
pdymenzing a monoethylenically unsaturated monomer component onto a polyether compound having ethylene oxide 
as a sft-uctural unit is easily produced, and the inventors further found that the above-mentioned problems can be solved 
by specifying a hydroxyl group value and an add value of such a polymer, thus attaining tiie present invention 

That IS to say. a hydrophilic graft polymer (B). according to the present invention, is a hydrophilic graft pdymer 
which IS obtained by a process induding tiie step of graft-polymerizing a monoettiylenically unsaturated monomer com- 
ponent onto a polyether compound having ethylene oxide of 80 mol% or more as a structural unit, and is characterized 
by having a hydroxyl group value of 30 mgKOH/g or more and an add value of 200 mgKOH/g or more 

A scale inhibitor, according to the present invention, comprises the above-mentioned hydrophilic graft polymer (B) 
as an essential component Mci«M«y"ww 

.^tJH^V^^^'"^ hydrophilic graft polymer (B). it is preferable that the polyetiier compound is one member 
c ^ J^*""^® consisting of polyalkylene glycol, altoxypolyalkylene glycol, and arytoxypdyalkylene glycol 
i-urnier. it is preferable that a sulfonic add group^ontaining monomer and/or a hydroxyl groip-contalning monomer are 
used as at least part of the monoethylenically unsaturated monomer oonponent. 
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The above-mentioned scale inhibitor is effective as a scale inhibitor for calcium phosphate or zinc hydroxide. 

A method for Inhibiting scales, comprising the step of adding the scale '^^''^^;>;^^^^ o^^eZ 
Dhoric acid compound and/or a zinc salt to an aqueous system in a total amount of the addition of 0.5 to 50 ppm. greatly 
Sm^e?n^^^ effect in pipings, but also a corrosion inhibition effect, and is therjore very u^^^^^^ 

^TeseanS^^^^^^ 
detailed disclosure. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter the polyether compound and monoethylenically unsaturated monomer are first expiahried the 
hvdrS.H cS PoSm^ unsaturated cart>oxylic ackl type polymer are then explained, and subsequenfly. the Jruc- 
t^eTle KSE iaft polymerK»ntaining composition as a whole is explained, and lastly, the scale .nhtortor » 
iSl^n^ T^eSSier itself is an essential component which constitutes the hydrophilic graft po^ymer-contaming 
SS^iSon acH^ ti Te present invention, but also « a raw material for obtaining the ^rogi'l^g^P"^^ 
SSTI another essitial component. The monoethylenically unsaturated monomer .s a raw material for obtainmg the 
CrS^ iHc gran^mer. and^so is a raw material for obtaining the unsaturated carboxylic ac|d type polymerwh.ch « 
if ?«eS!y. fo; constituting the hydrophilic graft polymer-containing composition of the present invention. 

[Polyether compound] . 

The polyether compound used in the present invention is a component which decreases viscosity and matesrt 
asy to handle the compo^n. This polyether compound is a compound having the repeatng ""rt'^P'^^^^^^^yf^ 
aSeS ftmula mentioned below in an amount of 30 mol% or more (preferably 50 mol% or more) of the whde^The 
SSe^JTm^und is obtained by polymerizing a cyclic ether containing ethylene oxide and/or propylene oode ^ 
SSSISXents. and if neceLry. further containing other alkylene oxide. ttje pr^nce of a compound to be 
reacted, which becomes initiation point of polymerization, by the known methods and the liKe. 

-RCH-CH2-O- 

(where. R represents at least one kind of hydrogen atom and methyl group, and may be present together in one mde- 

*^'*Examples of the other alkylene oxides used for obtaining the polyether compound are isobutylene oxide 1 *uterie 
oxide 2^ene oxide, trimethylethylene oxkJe. tetramethylethylene oxide, butadiene monoxje. styrene oxde U- 
SlnylXlene oxid;. epifluorohydrin. epichlorohydrin. epibromohydrin. glycidol, butyl glycidyl ether, hexyl gly«dy 
XrSSyl ethl phenyl glycidyl ether. 2-chloroethyl glycidyl ether, o-chiorophenyl glycidyl ether, ejiy^ene glycol 
Z^cS^^^^^<iSom^r, methacryl chtoride ^de cy<^oJ,^ene o««e. ^^Mro^J^ai-e 00^^^ 
vinirt cyclohexene monoxide, oxetane. tetrahydrofuran. 1.4-epoxycyclohexane. and tt^e bke. T]'*^^?^ °J! 

?two or more kinds. It is necessary lor the copolymerlzable other alkylene oxKle to be less than 70 mol% of the 
whole. If it is 70 mol% or more, the hydrophilic property decreases. . , , . ^ ^ ^m-^ m.^,. 

The comoound to be reacted is a compound which becomes an initiation point of pdymenzation of the cydic emer 
and SS^SSar wSfi and the like iSreof are not particularly limited. Examples of the compound to l>e reacted 
a^S- M^en: oxygen; carbon dioxide: alcohols: hydrogen halides: ammonia: amines, t^droxylamine: carl^^ 
aSj^Ldd haliSs: ia<^o^es: aldehydes: benzene: and the Dke. Those can be used in one ^'.^^^^l^^^^'^ 
S tl^. at least one member selected from the gmup consisting of water, ateohols. and amines is preferable as the 

^l^CSs^'irellihol are primary afiphatic alcohols having 1 to 22 ca*on atoms, such as methanol ethanol n- 
propanrSr n-tHrtanol: aromatic Scohols. such as phenol. isoi,ropyl phenol, octyl phend. *f *^ P';«~';^ ^"^^ 
nd or n^hthol: secondary alcohols having 3 to 18 carbon atoms, such as iso-propyl alcohol, or alcohol obtained by 
S;iSn^Za^in: tertiary alcohols such as tert-butanol: diols. such as ethylene glycol. ^''^^^^^^S^g^^^^^' 
^!tane did: or propylene glycol: triols sud, as glycerin or trimethylol propane: polyob su* as sort).tol: and the like. 
Those can be used in one kind or two or more kinds. ^ 11, -ru^^/.o«K«. 

Examples of the amine are aniline, naphthylamine. elhylenediamine. dodecylamine. and the like. Those can be 

used in one kind or two or more kinds. . -.^ 

Reaction form of polymerization of a cycfic ether is not particularly limited.and polymerization may be any one 
(1) a^^cpo^ hydroxides of alkali metals, strong alkalis, such as alcoholate. alkylamine. or the hke 

as fbSe S "Sing haldes of metals and semi-metals. mineral acids, acetc aad. or 

thelike as?Si and (3) cSriination polymerization using a combination of alkoxides of metals, such as alumi- 
num. iron, or zinc, alkaline earth compounds. Lewis acids, and the Oke. 
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T!ie polyether compound may be derivatives derived from the polyether obtained by the above polymerization. 
Examples of such derivatives are terminal group-converted compounds in which tenninal functional groups of the pol- 
yether are converted, crosslinked products obtained t>y reacting the polyether with a crosslinWng agent taving a plural- 
ity of groups, such as cart>oxylic group, isocyanate group, amino group, or halogen group, and the like. The terminal 
5 group-converted conpounds are preferably ones obtained esterifying at least one terminal hydroxyl group of the above- 
mentioned polyether with fatty acids or anhydrides thereof having 2 to 22 cartx>n atoms, such as acetic acid or acetic 
anhydride, or dicart>oxytic acids such as succinic add. succinic anhydride, or adipic acid. 

It is preferat)le that the number-average molecular weight of the polyether compound is 100 or more. The upper 
limit of the number-average molecular weight is not particularly limited, but is preferable 100.000 or less. If the mmber- 
10 average molecular weight is less than 100. the graft ratio is decreased, and there Is the problem that unreacted poly- 
ether compound increases. If the number-average molecular weight exceeds 100.000. the viscosity tends to increase, 
resulting in difficulty in handjing during polymerization. 

The weight-average molecular weight of the polyether compound is. for example, 100,000 or less, preferably 
80.000 or less, and more preferably 50.000 or less. The lower limit of the weight-average molecular weight is not par- 
rs ticularly limited, but is preferably 100 or more. Where the weight-average molecular weight exceeds 100.000. viscosity 
increases, making it difficult to handle during the polymerization. On the other hand, where the weight-average molec- 
ular weight is less than 100, there are problems in that: the compatibility decreases, so that the composition causes 
phase separation, and the scale inhibitability tends to decrease, and the graft ratio lowers, and a large amount of poly- 
ether cornpound remains unreacted. 
20 The number of the repeating unit in the polyether compound is not particularly limited, and is preferably 2 or more, 
and more preferably 3 or nriore. in the polyether compound. R in the repeating unit is preferably that at least one thereof 
is hydrogen atom. 

[Monoethylenically unsaturated monomer] 

25 

The monoethylenically unsaturated monomer contains the unsaturated carboxylic acid type monomer as the 
essential component, and may further contain other ur^turated monomers copolymerizable with the unsaturated car- 
boxylic acid type monomer. 

The unsaturated cartx)xylic acid type monomer is an ethylenically unsaturated carix>xylic acid, and/or an ester 

30 which forms cart>oxylic acid by hydrolysis. 

Examples of the ethylenically unsaturated carboxylic acid are (meth)acrylic add, maleic acid, fumaric acid, maleic 
anhydride, and the like. Those are used in one kind or two or more kinds. If the unsaturated cartwxylic acid type mon- 
omer contains (meth)acrylic acid, and at least one member selected from the group consisting of maleic acid, fumaric 
acid, and maleic anhydride, as the essential components, the add value and dispersibility are inaeased. so as to 

35 improve the scale inhitxtability. which is preferable. If the unsaturated cart>oxylic add type monomer contains acrylic 
acid and at least one member selected from the group consisting of maleic acid and maleic anhydride as the essential 
components, it is more preferable. 

The ester which forms cartx)xylic acid by hydrolysis is not particularly limited so long as it is an ester of the above- 
mentioned ethylenically unsaturated cartx)xylic acid. Examples thereof are esters of maleic acid, such as monometfiyl 

40 maleate. dimethyl maleate. monoethyl maleate. or diethyl maleate; esters of fumaric add. such as monomethyl fuma- 
rate, dimethyl fumarate, monoethyl fumarate. or diethyl fumarate: esters of (meth)acrylic add. such as methyl 
(meth)acrylate. ethyl (meth)acrylate. butyl (meth)acrylate. stearyl (meth)acrylate. hydroxyethyt (meth)acrylate. or 
hydroxypropyl (meth)acrylate; aminoaJkyI (meth)acrylates such as dimethylaminoethyl (meth)aaylate; sulfbalkyl (meth) 
acrylates such as 2-sulfoethyt (meth)acrylate; and the like. Those are used In one kind or two or more kinds. In the case 

45 of performing polymerization using the above-mentioned ester among the unsaturated cait)Oxylic acid type monomers 
to produce the hydrophilic graft polymer, a step is required whidi converts into cart>oxyl group by hydrdyzing a part or 
the whole of ester groi^^s. after polymerization. Therefore, the unsaturated cart>oxylic acid type monomer preferably 
comprises the ethylenically unsaturated caitexylic acid as an essential component from the point that this conversi n 
step makes it unnecessary. 

so The other unsaturated monomer copdymerizaWe with the unsaturated cartxDxyiic add type monomer is not partic- 
ulariy limited so long as it is monomers other than the unsaturated cartxjxylic add type monomer. Examples thereof are 
ahfiide group-containing monomers such as (m6th)acryl amide; vinyl esters, such as vinyl acetate, vinyl propionate, 
vinyl pivalate. vinyl benzoate. or vinyl dnnamate; alkenes such as ethylene or propyl&ie: aromatic vinyl monomers, 
such as styrene or styrenesulfonic add; trialkyloxysHyl group-containing vinyl monomers sudi as vinyl trimethoxystlane 

£5 or vinyl triethoxysilane; silicon-containing vinyl monomers such as r(methacrytoylQxypropyl) trirhethoxysilane: maleim- 
Ide derivatives, such as maleimide. methyl maleimide. ettiyl maleimide. propyl ntaleimtde. butyl malein^e. octyl male- 
imide. dodecyl maleimide. stearyl maleimkJe phenyl mateinrvde. or cydohexyl maleimide; nib^ile group-containing vinyl 
monomers such as (meth)acrylonitrile; aldehyde group-containing vinyl monomers siich as (meth)acroldn: sulfonic 
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group-containing monomers, such as 2-acrylamido-2-methylpropanesulfonlc acid, allyisulfonic add, vinylsulfonic add, 
methallylsuHonic add. styrenesulfonic acid. 2-hydroxy-3-butenesulfonic add, or 2-hydroxy-3-allyloxy-1-propanesulfonic 
acid: alkyi vinyl ethers such as methyl vinyl ether or ethyl vinyl ether; vinyl chloride, vinylidene chloride, allyl chloride, 
allyl alcohol; other functional group-containing monomers such as vinyl pyrrolidone; and the like. Those are used in one 
kind or two or more kinds. 

The proportion of the unsaturated carboxylic acid type monomer in the monoethylenically unsaturated monomer is 
not particularly limited, but is preferably 60% by weight or more, more preferably 65% by weight or more, and most pref- 
erably 70% by weight or more, in the point of increasing add value and dispersibllity. and improving the scale inhibita- 
bility. 

[Hydrophiltc graft polymer] 

General explanation of hvdroDhiilc graft polvmer 

The hydrophilic graft polymer used in the present invention is a component which Increases physical properties, 
such as dispersibllity. gelation resistance, and the like, and imparts scale inhibitabilrty. and is a polymer obtained by 
graft-polymerizing a monoethylenically unsaturated monomer onto-^the-above-polyether compound. The hydrophilic 
graft polymer comprises a pol yether mo iety originated from the pdyether compound? and a gr^ qhain moiety origi- 
-nSfedTroifr^^euTi^^ monoethylenically 
unsaturated monomer. — ^ 

Weight ratio off the polyether nrioiety and the graft chain moiety (polyether moiety/graft chain moiety) Is not particu- 
lariy limited, but is preferably 10/90 to 80/20, and more preferably 20/80 to 80/20, and from the point of increasing the 
scale inhibitability. most preferably 30/70 to 70/30. H the above weight ratio is less than 10/90. gelation resistance 
decreases, viscosity Increases, making it difficult to handle, and the scale inhibitability tends to decreasa On the other 
hand, if the above weight ratio is larger than 80/20, the dispersibility tends to decrease 

Weight-average molecular weight off the hydrophilic graffl polymer is 500 to 200.000. preferably 1 .000 to 100.000. 
and more preferably 1,500 to 80,000. If the weight-average molecular weight is less than 500. the dispersibility may 
decrease. On the other hand, if the weight-average molecular weight exceeds 200.000. the dispersibility and gelation 
resistance decrease, and viscosity increases, making it difficult to handle, so that the scale inhibitability may decrease. 

The purity of the hydrophilic graft polymer is preferably at least 75 %. more preferably at least 80 %, and still nwre 
preferably at least 85 %. As to the purity of the hydrophilic graft polymer, an explanation will t>e made in the below-men- 
tioned section "Hydrophilic graft polymer (A) and use thereof." 

The hydrophilic graft polymer is preferably a polymer which is obtained by a process including the step off graft- 
polymerizing a monoethylenically unsaturated monomer component onto a polyether compound having ethylene oxide 
of 80 mol% or more as a structural unit and has a hydroxyl group value of 30 mgKOH/g or more and an acid value of 
200 mgKOH/g or more. The reason therefor vwll be explained in the below-mentioned section "Use off hydrophilic graft 
polymer (B)." 

A process lor producing the hydrophilic graft polymer used in the present invention is not particularly limited so tong 
as it is a process including the step of graft-polymerizing the above monoethylenically unsaturated monomer onto the 
above polyether conpound. For example, there is a process including the step of graft-polymerizing the above 
monoethylenically unsaturated monomer onto the above polyether compound in the presence of an organic peroxida 

The organic peroxide is used as an initiator of graft polymerization. Examples of the organic peroxide are ketone 
peroxides, such as methyl ethyl ketone peroxide, cyclohexanone peroxide. 3.3.5-trimethylcyclohexanone peroxide, 
methylcyclohexanone peroxide; methylacetoacetate peroxide, or acetylacetone peroxide; hydroperoxides, such as tert- 
butyl hydroperoxide, cumene hydroperoxide, diisopropylbenzene hydroperoxide, 2,5-dimethylhexane-2,5-dihydroperox- 
ide. 1.1,3,3-tetramethylbutylhydroperoxide. or 2-(4-methylcydohexyl)-propane hydroperoxide; dialkyi peroxides, such 
as di-tert-butyl peroxide, tert-butyl cumyl peroxide, dicumyl peroxide, a,a'-bis(tert-butyl peroxy) p-diisopropyl benzene. 
a.a'-bis(tert-butylperoxy) p-isopropylhexyne. 2,5-dimethyi-2.5<li(tert-butyiperoxy) hexane. or 2.5-dimethyl-2.5-dl(tert- 
lxJtylperoxy)hexyne-3; peroxyesters. such as tert-butylperoxyacetate. tert-butylperoxylaurate. tert-butylperoxyben- 
zoate. di-tert-butylperoxyisophthalate. 2,5-dimethyl-2.5-di(benzpylperaxy) hexane, tert-butylperoxyisopropyl carbonate, 
tert-butylperoxyisobutyrate. tert-butylperoxypivalate. tert^butylperoxyneodecanoate. cumylperoxyneodecanoate. tert- 
butylperoxy-2-ethylhexanoate. tert-tHJtylperoxy-3.5.5-trimethyl cydohexanoate. tert-butylperoxybenzoate. tert-butylper- 
oxymaleic acid, cumylperoxyoctoate, tert-hexylperoxypivalate. or tert-hexylperoxyneohexanoate. cumylperoxyneohex- 
anoate; peroxyketals. such as n-butyl-4.4-bis{tert-butylperoxy)valerate. 2,2-bls(tert-butylperoxy)butane. 1,1-bis(tert- 
butylperoxy)-3,3.5-trimethylcydohexane. 1 .1 -bis(tert-butylperoxy) cyclohexane. or 2,2-bis(tert-butylperoxy)octane; dia- 
cyl peroxides, such as acetyl peroxide, isobutyryl peroxkJe, octanoyi peroxide, decanoyi peroxkie. lauroyi peroxide, 
3.3,5-trimethylcydohexanoyl peroxide, succinic add peroxkie. benzoyl peroxkJe, 2,4-dichlorobenzoyt peroxide, or m- 
tduyl peroxkie; peroxycficarlxxTates. such as di-isopropyl peroxydicart)onate. dl-2-ethylhexyl peroxydicart)onate, di-n- 
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propyl peraxydicaitjonate. bis-(4-tert-biJtylcyclohexyI) peroxydicartjonate. dimyristyl peroxydicartx)nate, dimethoxyiso- 
propyl peroxydicarbonate. di(3-methyl-3-methoxybutyl)peroxydicart)onate. or diallyt peroxydicarbonate; other organic 
peroxides such as acetylcyclohexylsulfonyl peroxide or tert-butyft^eroxyallyl caibonate; and the like. Those are used in 
one kind or two or more kinds. 

The amount of the organic peroxide used is not particularty limited, but is preferably 0, 1 to 30% by weight, and more 
preferably 0.5 to 20% by weight to the nronoethylenically unsaturated monomer. If the amount is less than 0.1% by 
weight graft ratio to the polyether compound tends to decrease. On the other hand, if the amount exceeds 30% by 
weight the organic peroxide is exp^sive. and is not economically preferablei. It is preferable that the organic peroxide 
is separately added without previously mixing with the polyether compound, simultaneously with the ethylenlcally 
unsaturated monomer. However, the organic peroxWe may previously added to the polyether compound, or may be 
added to the monoethylenicaily unsaturated monomer. 

Decomposition catalyst of the organic peroxide, or reducing compound may be used together with the organic per- 
oxide. 

Exanples of the decomposition catalyst of organic peroxide are metal halides such as lithium chloride or lithium 
bromide; metal oxides such as titanium oxide or silicon dioxide; metal salts of inorganic adds, such as hydrodiloric acid, 
hydrobromic acid, perchloric acid; sulfuric add, or nitric acid; cart>oxyllc acids, such as formic acid, acetic acid, propi- 
onic add, butyric add. isobutyric add. or benzoic add, esters thereof, and metal salts thereof; heterocydic amines, 
such as pyridine, indole, imidazole, or carbazole, and derivatives thereof; and the like. Those are used in one kind or 
two or more kinds. 

20 Examples of the reducing compound are organometallic compounds such as ferrocene; inorganic compounds 
which generate metal ions (e.g.. iron, copper, nickel, cobalt manganese, or the like) such as iron naphthanate, copper 
naphthanate. nickel naphthanate, cobalt naphthanate. or manganese naphtanate; inorganic compounds, such as trif- 
luoroborate ether adduct. potassium permanganate, or perchloric acid; sulfur-containing compounds such as homologs 
of cydic sulfinic acids, such as sulfur dioxide, sulfite, sulfate, bisulfite, thiosulfite. sulfonate, benzene sulffinic acid and its 

25 substituent. or p-toluene sulfinic acid: mercapto compounds, such as octyl mercaptan. dodecyl mercaptan. mercap- 
toethanol. a-mercaptopropionic acid, thioglycolic add. thiopropionic acid, sodium a-thiopropiornte suHopropyl ester, or 
sodium a-thiopropionate sulfoethyl ester; nitrogen-containing compounds, such as hydrazine, p-hydroxyethyl hydrazine 
or hydroxylamine; aldehydes, such as fbrmaklehyde, acetakJehyde. propionaldehyde. n-butyraWehyde. isobutyl aWe- 
hyde. or isovaleraldehyde; ascorbic add: and the like. Those are used in one kind or two or mae kinds. 

30 The graft polymerization may be conducted in the presence of an addic substance together with the organic per- 
oxide. The acidic substance has functions to improve graft ratio of the monoethylenicaily unsaturated monomer to the 
polyether compound, inaease dispersibility of the hydrophilic graft polymer obtained, and inaease the scale inhibitabil- 
ity. The acidic substance is not particularly limHed so long as it is a substance having acidity, but at least one member 
selected from the group consisting of organosuHbnic add compounds, inorganic adds, and phosphoric add com- 
. 35 pounds is preferable. 

Examples of the organosulfonic acid compound are aliphatic sulfonic acids, such as methanesuHbnic add, 
ethanesuHonic acid, propanesulfbnic add. or octanesulfonic add; aromatic sulfonic adds, such as benzenesuffbnic 
acid, benzenedisulfonic add. naphthalenesuHontc add. or naphthalenedrsulfonic acid; aromatic sulfonic adds having 
nudeus substituents group, such as chlorobenzenesulfbnic acid. 1-naphthylamlne-4-sulfonic add (naphthionic acid). 
40 Tobias acid, peri add. gamma add {y acid). J acid, Koch's acid, metanilic acid, toluenesulfonic acid, or dodecylbenze^ 
nesulfbnic acid; and the like. Those are used in one kind or two or more kinds. 

Examples of the inorganic add are hydrochloric add, hydrofluoric add. hydrobromic acW. hydrdodic add, perchlo- 
ric add, chlorous acid, hypochlorous add. periodic add, sulfuric acidi fuming sulfuric ackJ, sulfurous add, nitric acid, 
fuming nitric acid, manganic acid, permanganic add, chrome ackJ, dichromic acd. or the like. Those are used in on^ 
45 kind or two or more kinds. 

Examples of the phosphoric acid compound are phosphoric add, ptosphorous acid, hypophosphorous add, 
polyphosphoric ackl. metaphosphoric acid, pyrophosphoric add. methyl phosphate, ethyl phosphate, propyl phosphate' 
butyl phosphate, octyl phosphate, dodecyl phosphate, stearyf phosphate, phenyl phosphate, dimethyl phosphate, die- 
thyl phosphate, dipropyl phosphate, dibutyl phosphate, dioctyl phosphate, dklodecyl phosphate, distearyi phosphate^ 
so diphenyl phosphate, or the like. Those are used in one kind or two more kinds. 

The amount of the acidic substance used is not particularly limited, but is preferably 0.05 to 20% by weight and 
more preferably 0.1 to 15% by weight, to the polyether compound. K the amouit of the addic substance used is less 
than 0.05% by weight a large amount of unreacted polymer compound remains, and graft ratio of the monoethyleni- 
cally unsaturated nronomer tends to decrease. On the other and. H the amount of the addic substance used exceeds 
20% by weight the effect corresponding to the addition amount may not be exhibited. The acidic substance may previ- 
ously be added to the polyether compound, but may be added to the monoethylenicaDy unsaturated monomer. 

Graft polymerization is preferably conducted in substantially solvent-less system, but a solvent may be used in an 
amount of 20% by weight or less to the whole of reaction system. If the amount exceeds 20% by weight of the whole of 
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reaction system, grah ratio of the monoethylenically unsaturated monomer may be decreased. Where viscosity of the 
reaction system is high, use of a small amount of a solvent may be preferable in adding, and a solvent may be distilled 
off after addition. 

The solvent is not particularly limited, but ones in which chain transfer coefficient of a solvent used to a solvait is 
as less as possible, or ones having a boiling point of 80 'C or higher which can be used in reaction under atmosprfiere 
pressure, are preferred. Examples of such a solvent are alcohols, such as iso4xrtyl alcohol. n*uty^ alcohol tert-butyl 
alcohol ethylene glycol, propylene glycol, ethylene glycol monoalkyi ether, or propylene glycol monoalkyi ejier; 
diethers such as ethylene glycol dialkyi ether, or propylene glycol dialkyi ether: acetic acid type conpounds. such 
acetic acid, ethyl acetate, propyl acetate, butyl acetate, acetic acid ester of ethylene glycol monoalkyi ether, or acetic 
acid ester of propylene glycol monoalkyi ether; aromatic hydrocarbons, such as toluene or xylene: aliphattc hydrocar- 
bons such as cyctohexane: and the like. Those are used in one Wnd or two or more kinds. Examples of all^ group m 
the aitwve alcohols and diethere are methyl group, ethyl group, propyl group, butyl group. ar>d the like. ^ 

Temperature of the graft polymerization is preferably 80 'C or higher, and more preferably 90 to 160 -C. and mort 
preferably 105 to 155 'C. If the temperature is lower than 80 'C, graft polymerization is difficult to proceed, and graft 
Tatio of the monoethylenically unsaturated monomer tends to be decreased. On the other hand, if the temperature 
exceeds 160 "C. thermal decomposition of the polyether compound and the hydrophilic graft polymer obtained may 

""'Tn graft-polymerizing, it is preferable that a part or the whole of the polyether compound is charged at an initial 
stage Where at least one monomer (A) selected from the group consisting of maleic acid, fumaric and. and malew 
anhydride, and (meth)acrylic add are used together as the monoethylenically unsaturated monomer, and such is graft- 
polymerized onto the polyether compound. H is preferable that a half amount or more of the monomer (A) and the acidic 
substance are previously mixed with the polyether compound, the mixture is heated to 80 'C. the remainder of the 
monoethylenically unsaturated monomer and the organic peroxide are separately added to the heated mixture, and 
graft polymerization is conducted. By this process, molecular weight of the hydrophilic graft polymer obtained can easily 

be controlled. . . 

A process for producing the hydrophilic graft polymer is not fimited to the above-mentioned process. 

Fv planation of hvdrop hiKr nraft oolvmer (M 

In addition, in the above-mentioned process, if the process including the step of graft-polymerizing the monoethyl- 
enically unsaturated monomer onto the polyether compound in the presence of the organic peroxWe and the acidic sub- 
stance is used, the resultant hydrophilic graft polymer (A) has a high purity. 

F«planatir>n of hYrirhphilie graft nolvmer (B) 

Next an explanation will hereinafter be made on the process for producing the hydropWHc graft polymer (B) whidi 
displays excellent performance to inhibit scales of calcium phosphate or zinc hydroxide. Because the aforem«itioned 
raw materials and reaction method are also used in this process essentially, they will be mentioned in detail below, 
although some overlapping descriptions might be included. . ^ . 

The polyether compound used in the production of such a graft polymer (B) is a compound having ethylene oxide 
of 80 mol% or more as a structural unit, and is obtained by polymerizing ethylene oxide, and if necessary, other alkylene 
oxide using water or ateohol as an initiating point in a well-known method. Examples of the alcohol for obtaining the, 
polyether compound are primary alcohols having 1 to 22 carbon atoms, such as methanol, ethanol. n-propanol or n- 
butanol; secondary alcohols having 3 to 18 carbon atoms; tertiary alcohols, such as t-butanol; dids. such as ethylene 
glycol diethylene glycol, propane diol, butane did. or propylene glycd: trids. sudi as glycerin trimethylol propane: and 
pdyols such as sorbitd. The other alkylene oxWe copolymerizaWe with ethylene oxide is not particularly »«te«lbut 
propylene oxide and/or butylene oxide are particularly preferred. Further, it is necessary that the other alkylene oxide 
copolymerizable with ethylene oxide is less than 20 mol% of the whde. If it is 20 mol% or more, a graft ratio of the graft 
pdymer obtained is decreased. Further, as the pdyether compound, compounds obtained by esterifying hydroxyl 
group of all of the terminals, or a part of the terminals, of the pdyether obtained as described above with fatly acids hav- 
irtg 2 to 22 carbon atoms, or dicartjoxylic acids, such as succinic add. suodnic anhyifride. maleic acid, maleic anhy- 
dride or adipic acid are exemplified. However, those are not preferred in view of Ihe purpose of improving an acid value. 

By using one member selected from the group consisting of polyalkylene glycol, alkoxypolyalkylene glycol, and ary- 
loxypdyalkylene glycol as those polyether compounds, a polymer having large add value and hydroxyl group value can 
be obtained. . . 

It is preferable that the molecular weight of the polyether compound is 100 or more, and it is preferable that the 
upper linft is 1 .000 or less. If the molecular weight is less than 100. there is such a problem that the gelation resistance 
deteriorates. If the molecular weight exceed 1 .000. the viscosity increases, resulting in diff iculty to improve the degree 
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alw'^lJ^^'*^"'' ^ ^ fSSiKha problem that it is difficult to increase the hydroxyl grotp value and the 

Exanples of^the rnonoethW^ unsaturated monomer component used in the production of such a graft oolv- 
ZZlTJ'^SS^^'^.^'^L"^^^^ ^'^'^ anhydride: aiky\ esters of maleic acid, such as dim^ 

nu^eate or diethyl maleate.alkyt esters of fumaric acid, such as dimethyl fumarate or diethyl fumamte: alkyi (meS 
ylat^ such as methyl (meth)acryterte. ethyl (meth)acrylate. butyl (meth)acrylate orstearyl (meth)acrylrte?riSS^ 
(mem)acrylates. such as hydracyethyl (meth)acrylate or hydroxypropyl (meth)acrylate: acetic aJd alkenyi 
as vinyl acetete: aromatic vinyls, such as s^ene; (meth)acrytonitrile: (meth)acrolein: (meth)acryl amides: dialk^ami- 
noethyl (metti)acrylates. such asdimethylaminoethyl (meth)aaylate: 2-acrylamide-2-methylpropane^ 
noxypolyethylene glycol (meth)acrylate: naphthoxypolyethylene glycol (meth)acrylate: nwS)henQ)cy<)olyethylene 
glycol maleate: cartiazolepolyethylene glycol (meth)acrylate: and tS^like. Those S^be usSSTSS^Trt 
twoor more thereof.C« those. (meth)aaylic acid, maleic add. 

^ add value Of the graft polymer and increasing polyvalent metal ion chelatabili^^SpSiSl! 
ty. Further rt is preferable that 25% by weight or more of the monomer componert is (meth)awylic acW VSe 
meth)acryl.c acd is Irttle. the acid value of the graft polymer obtained is small, and it is difficult to satisfy in'ous oa^ 
formances such as polyvalent metal ion chelatability and dispeisibility. * k 

^"^ ^ ^^"^ "^'"^ °* ^ f^'y^* <^ increased by using a sulfonic add 
'rr? "''«^«^^^>Vl group-containing polymer as at least part of the monomer component It is 
more preferred to use the hydroxyl group-containing polymer. 

It is preferable that such a graft polymerization is conducted in the presence of a polymerization initiator Known 
radical initiators can be used as a polymerization initiator, but organic peroxides are particularty preferred 

'?m^JIl!i*''^f '^'"^"^ peroxides, sudi as methyl ethyl ketone peroxide, cydohexanone per- 

oxide. 3.3.S-tnmelhyteyclohexanone peroxide, methylcydohexanone peroxide, melhylacetoacetate peroxide or aciy- 
lacetone peroxKle: hydroperoxides, such as tert-butyl hydroperoxide, cumene hydroperoxide, diisopropylbeittene 
hydroperoxide. 2.5^.methylhexane.2.5-dihydroperoxide. 1.1.3.3-tetramethylbutylhydri>eroxide. or Z^S^m^^. 
clohexyl)-propane hydroperoxide: dialkyi peroxides, sudi as di-tert-bulyl peroxide^ tVrtSrtyl cun^rt peroJde^rSl 

peroxy) p^lsopropW benzene. a.«--bis(tert-butylperoxy) p.l^<^J^JTik^. 
n^^^TX^^ 2.5<limethyl-2.5Kli(tert4jutylperoxy)hexyne-3: peroxyesters. such as tert-butylpTr- 

oxyacetate tert-butylperoxylaurate. tert-butylperoxybenzoate. di-tert-butylperoxyisophthalate. 2.5^imethyl-2 sSS)- 
zoylperoxy) hexane. tert-butylperoxyisopropyl carbonate, tert-butylperoxyisobutyiate. tert^u^peroSSe teS- 

tiT'^Z^^"Tri^2^''°T^'^°^'^- t«rt-butylperoxy-2-3S3,oaie. tert-bSES^S^rimt 
thyl cydohexanone. tert-butylperoxybenzoate. tert-butylperaxymaleic add. cumylperoxyodoate tert-h^perox- 
yprv^late. or tert-hexylperoxyneohexanoate. cumylperoxyneohexanoate; peroxyke^. s2h as n:bSl.4?bK 
bujjperoxy val^^te. 2.2-bls(tert-butylperoxy)bufane. l.1-bis(tert-butylperoxy)-3.3.5-trimethylcydohexaS. l.'l-biSert- 
^^^^ cydohexane or 2.2-bis(tert-butylperoxy)octane: diacyl peroxides, sud, as acejrt peroxide. is^^Mr- 
S • ""^"^ '^"^y P^*^^^- 3.3.5-trimethylcydohexan<;^eraxide. ^cdrfcaS Z- 

n^tvSfS;^ 11^"^'*"""°^ P*™^*- " '"-^^'"^ peroxide: peroxydicaX,nates. suSS di^^S^i 

*:2-fVlhexyl peroxydicarbonate. di-n-propyl peroxydicarbonate. bis-(4-tert-butylcydoh^b pZ- 
TTf P«^««V*<«*°"ate. dimethoxyisopropyl peroxydicarbonate. di(3-methyl-3-rrieJ,oxySnper- 
^^^^ ^ peroxydicarbonate: other organic peroxides such as acelylcydohexylsulfonyl peroxSeor tert- 

butylperoxyallyl carbonate; and the Dke. Those are used in one kind or two or more kinds. peraxwe or len 

Thearroumof the organic peroxide used is not particularty limited, but Is^^ and more 

preferably 0.5 to 20% by weight, to the monoethylenfcally unsaturated monomer. If L amount isl^ SanTl^S 

w«ght the organic per«Kle « expensive, and is not economically preferable. « is preferable that the organic peroxide 
untT'f^ ^ ^ "^"^ P^"*^^ compound, simultaneously with the elhjJenSS 

T^Zlt"^'^^T'' *^ "^^ to ^ PCyether compoundTm^ 

added to the monoethylenically unsaturated monomer. i~ ~. « ■■•or «e 

^Decomposition catalyst of the organic peroxide, or redudng compound may be used togettter with the organic per- 

hro,^r!lS.l^ * decomp(»ition catalyst of organic peroxMe are metal halides such as IHhium diloride or lithium 
bromde, metal oodes sudi as titanrum oxide or silicon dioxide: metal salts of inorganic adds, such as hydrodiloric add 

^5, « ^^J' "^"^^ and metal salts thereof: heterocydic 

Sfor^^SSs • "'^^ ^ ^"^^ used^one Wnd^ 

whic^'^lSSpm^f. -SL"?"^ compound are organometalBc compounds sud, as ferrocene: inorganic compounds 
whid» generate metal ions (e.g.. iron, copper, nidiel. cobah. manganese, or the like) such as iron naphthanate^pper 
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of^dicsuBinicacds such^^^^^ a^pounds, such as octyl mercaptan. dodecyl mercaptan. mercap- 

The graft polymerization may ^"^3^^^^^ ^noethylenically unsaturated monomer to the 

polyether compound, '""f*^'^®^ °X so lona as it is a substance having acidity, but at least one member 

■ ^fS^l^LTSiSoi .CM p»iodio acid. acid, h™ing sUlurlc add. authirou. acid. n«ic aod. 

dW«»l Ph»P«e. 0, »r>|f J^,'f^J:rpa^r..^^^^ 0.05 «. 20% b, and 

?o£ t^eXrr'^Xt^Te ^^^^^ amount may not be exhibHed The acidic s^^-e -y pre.- 
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C/^tS is not particularly limited, but ones in which chain transfer coefficient of a solvent used to a solvent is 

pressure, are preferred. Examples of sucti a scMvem^^ propylene glycol monoalkyi ether; 

alcohol, ethylene glycol, propylene glycol, ethylene glycol "^fJJ^^^^^.'^r^^ 
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component and the polymerization initiator, and conduct graft polymerization. By this process, the introduction ratio of 
maleic add, fumaric add, and maleic anhydride into the graft polymer (B) can be greatly inproved, and furth^, the 
molecular weight of the graft polymer (B) can be controlled. 

The graft polymer obtained above can be used as a scale inhtoitor as it is, but if necessary, at least one member 
£ selected from the group consisting of (meth)acrytic add polymers: maleic acid polymers; carboxyl group-containing low 
molecular weight polymers, such as acrylic add/3-allyloxy-1 ,2-propane diol copolymer, acrylic actd/2-al!yloxy-1,2-pro- 
pane did copolymer, acrylic addy2-hydroxy-3-allyloxy|.1 -propane sulfonic acid copolymer, acrylic add/maleic add 
copolymer, acrylic acid/allyl alcohol copolymer, acrylic add/hycfroxymethacrylate copolymer, maleic add/ethylenesul- 
fonic acid copdymer. maleic add/styrene copolymer, maleic add/pentene copolymer, maleic acid/allyl alcohol copdy- 
mer. maleic acid/ethyl&ie copolymer, maleic add^adiene copolymer, acrylic acid polymer, maleic add polymer, 
aspartic add polymer, or glyoxylic add type polymer; inorganic polyphosphoric add salts, such as organosulfonic add! 
sodium tripolyphosphate, or sodium hexametaphosphate; phosphonic adds, such as nitrotrimethylene phosphonic 
acid, hydrocyethylidene phosphonic add. ethylenediamine tetramethylene phosphonic add, or phosphonobutane tri- 
cartwxylic acid; metal salts, such as zinc, chromium, or manganese: anticorrosives: alga preve^iting agents; preserva- 
tives; antimolds; antibacterial agents; slime controlling agents; chelating agents, such as ethylenediamine tetraacetic 
acid (EDTA). diethylenetriamine pentaacetic add (DTPA). hydroxyiminodisucdnic add (HIDS). iminodisuccinic add 
(IDS), or citric add; can lubricants: deoxidizers: sludge dispersants; and can-y-over preventing agents can be added to 
prepare a scale inhibitor. The amount of the addition thereof is not especially limited. 

[Unsaturated cart>oxylic add type polymer] 

The unsaturated cart>oxylic add type polymer used in the present invention is not an essential component virhich 
constitutes the composition of the present Invention, but can increase add value, and impart polyvalent metal ion che- 
latability to the composition. The unsaturated cartDoxylic acid type polymer is a polymer drained by polymerizing only 
the monoethytenically unsaturated monomer explained in detail at>ove. 

Weight-average molecular weight of the unsaturated carix)xylic acid type polymer is preferably 500 to 200.000. and 
more preferably 1 .000 to 1 00.000. If the weight-average molecular weight is less than 500. dispersibility may deaease. 
On the other hand, if the weight-average molecular weight exceeds 200.000. the conposition becomes turbid, resulting 
indetertoration of appearance, and also viscosity increases, making it difficult to handle. Further, scale inhibitaWlity and 
dispersibility tend to deaease. 

Acid value of the unsaturated carboxylic acid type polymer is preferably 200 to 1 ,200 mgKOH/g, and more prefer- 
ably 300 to 1 .000 mgKOH/g. If the acid value is less than 200 mgKOH/g. the acid value and dispersibility of the compo- 
sHion tend to decrease. On the other hand, if the acid value exceeds 1 .200 mgKOH/g. the unsaturated carboxylic add 
type polymer is decreased in compatibility with the hydrophilic graft polymer and polyether compound, the conpositiori 
35 does not become homogeneous, and phase separation may occur. 

The unsaturated cartx>xylic acid type polymer may be one obtained by, for example, radically polymerizing the 
above monoethylenically unsaturated monomer in the presence of an initiator, but maybe one obtained as a by-product 
in graft-polymerizing the monoethylenically unsaturated monomer onto the polyether conpound in the presence of the 
organic peroxide. 

40 Specific examples of the monoethylenically unsaturated monomer, polyether compound, and organic peroxide, 
which are used in obtaining by radical polymerization or graft polymerization of the unsaturated carboxylic add type pol- 
ymer, the prefened examples thereof, polymerization conditions, and the like are the same as explained in the above 
section of the hydrophilic graft pdymer. 

45 [Hydrophilic graft polymer-containing composition and use thereof) 

The hydrophilic graft polymer-containing composition according to the present invention comprises the hydrophific 
graft polymer and the polyether compound as the essential components, may further comprise the unsaturated carbox- 
ylic add type polymer, and if necessary, can comprise other components described after. 

so Blending proportion of the hydrophilic graft polymer is 60 to 98% by weight preferably 65 to 98% by weight, and 
more preferably 70 to 98% by weight, of the total of three (x>mf)onentsQjy6r^^ compound, 
and unsaturated cartxixytic add type polymer). If the blending proportion of the hydrophilic graft polymer is less thari 
60% by weight of the total of three components, dispersibility decreases, and scale inhtoilabillty deaeases. On the 
other hand. If the proportion exceeds 98% by weight of the total of three conponents. viscosity increases. maWna it dif- 

ss ficult to handle. 

Blending proportion of the polyether compound is 2 to 40% by weight preferatrfy 2 to 35% by weight and more 
pref^aWy 2 to 30% by weight, of the total of three components. If the blending proportion of the polyether conpound is 
less than 2% 1^ weight of the total of three components, viscosity increases, making it difficult to handle. On the other 
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hand, if the proportion exceeds 40% by weight, dispersibillty decreases. 

Blending proportion of the unsaturated caiboxylic acid type polymer is 0 to 5% by weight, preferably 0 to 4% by 
weighT^ more preferably 0 to 3% by weight, of the total of the tree components. If the Wending proportion of the 
u^rS^ SS>SyrTc acid'type polymer exceeds 5% by weight of the totel of the tree «nyonerte^f?« 
becomes turbid, resulting in deterioration of appearance, and rts viscosity increases, making it difficult to handle. Fur- 

'^''•^t^SS!^7r^T^^^r^r^ composition acco«ling to the present invention can comain other compo- 
nenTlSes S L oihe? components are enzymes, such as proteases. (alkaH) lipas^or (a^!« Ocellijases: «^ 
falTaSiVag^ such as aniortc surface active agents, nonionic surface active agents, catonic surface actn« 
rnroTra^Krirsuriieactiveagents: alkali builders, such as silicic acid salts. cartDonicadd saKs. or sulfuric acid 
S clSlSSe^ JST^gl^ic adds. oxycartx,xyllc add salts. EDTA (ethylenediamine tetraacetic add). 

(d W^^iamine hexaaceJc acid), or citric acid: cartx«yl groupKxnUaining low 
ataSiment preventing agents: f lorescem agents: Weadilng agents; perfumes: dspersants: organosulfbnic adds, inw- 
gSto^SoShoric adds: phosphonic add: metal salts, such as zinc, diromium. or manganese: ant<»rros«.es: slime 
?SoS2ag5ts d,elating agents: alga presenting agents: preservatives; antimoUs: antibacterial agents: can^lean- 
frHSnS- S^i^rs: disper^nts: carryK,ver preventing agents: bases: or the like. Those other component 

,Sy be i^dTonly one kind or may be used by mixing two or more kinds. The blending proportion » not particularly 

Bamples of the anionic surface active agent are alkylbenzenesulfonic acid salt, alkyi or alkenyl ether «ilfuric acid 
salt alkyI or alkenyl sulfuric acid salt. «-olef in sulfonic acid salt a-sulfofatty add or ester salt, alkan^lfonjc acid ^H. 
satJrat«l or unsairated fatty acW salt. alkyI or alkenyl ether carboxylic add salt, ammo aad Xype ^u^a^e adive a^nt 
N-acylamino acid typesurface active agent alkyl or alkenyl phosphoricadd ester or sart*^^ 
Of tiSnonionicsurce active agent arepolyoxyalkylenealkyl or alkenyl eth^.^lyox^ 

fatty add alkanol amide or its alkylene oxide adduct. sacdwose f&tty acid ester. alkyI glycoside, fatty acid glycenne 

monoester.alkylamine oxide, and the like. .^^.k^ku.. 

Examples of the catioiic surface active agent are quaternary ammonium salt, and the like. ^ ^ 

Examples of the amphoteric surface active agent are carboxyl type or suHobetain type amphotenc surface active 

ExaS>tes oHhebase are hydroxides of alkali metals or alkali earth metals, such as sodium hydroxide potassium 
hydroSrScium hydroxide, or lithium hydroxide: cart)onates of alkali metals or alkali earth metals such as sodium 
S;Hate. SSum <Irbonate. or lithium carbonate: amines, sud, as ammonia, monoethanobmine. diethandamine. or 
triethandamine: and tiie like. Those are used in one kind or two or more kintte. •« 

A process for produdng the hydrophilic graft polymer-containing composition according to the present invention is 
not particulariy limited, and includes, for e«imple, the following (1 ) to (3) 

(1) The above-mentioned eadi component is previously provided, and is mixed while contrdling su* that the 
respective blending proportion satisfies the above range, thereby produdng *e conposition. 

(2) W the blending proportion of eadi component satisfies the above range with the reaction mixture oWaned tv 
the piodudion process as described in the above section of hydrophilic graft polymer, this reaction mixture is 

?^^e'SSn^SS^h"component is added to Ihe reaction mixture obtained by the production proce^ 
described in the above sedion of the hydrophilic graft polymer, and the respective blending proportion is controlled 
so as to satisfy tiie above range, tiiereby produdng ttie composition. 

The hydrophilic graft polymer-containing composition according to the present invention has high plysical proper- 
ties, such as dispersibillty. gelation resistance, has excellent scale inhibitaWHty. and has low viscosity "«^"9 Jtea^to 
hSdIe Therefor? the composition is used In uses, such as scale inhibHors mentioned after. '^'^^^.^^^^^^S^^ 
- treating agents pigment dispersants. organic and inorganic solid partide dispersants. assistants fw paper-maiang. 
cSierrt aiMitives^spersants for CWM. foaming agents, foam reinfordng agents. compatbiTizers. sdubilizers. njst pre- 
venting agents, emulsifiers. assistants for dyeing, and the like. . ^^,.^^r^^ 
The scale inhibitor according to the present invention contains the above^nentioned hydrophite graft polymer^n- 
taining composition as the essential component strongly disperses organic particle ^Pr^'y;^^^^^^ 
water sud, Wl^aldum carbonate, and prevents generation of scales. This scale inhibtorcontains theh^^G gi^ 
polymer and the polyether compound as the essential components, may furtiier contain the uisatuiated carboxylic acid 
type polymer, and H necessary; can contain the above-mentioned other componerite. • ^nsr 
The weight-average molecular weight of the hydropWIic graft polymer contained in the scale inhibits is ncrt Partic- 
ulariy limited as long as rt is 500 to 200,000. as mentioned above, but if the upper limH is 50.000. the scale inhibitability 
is improved which is preferable. The upper limit of the v»eight-average molecular weight of ttie hydrophilic graft polymer 
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is more preferably 20.000. and most preferably 10.000. 

The weight-average molecular weight of the polyether compound contained in the scale inhibitor is not particularly 
limited so long as it is 1 00.000 or less, as mentioned before. However, if it is 20.000 or less, viscosity decreases, making 
it easy to handle, which is preferable. The upper limH of the weight-average molecular weight of the polyether conpound 
£ is more preferably 5.000. 

The scale inhibitor further increases the scale inhibitability if gelation resistance of the hydrophilic graft polymer is 
high. Examples of the hydrophilic graft polymer having high gelation resistance are hydrophilic graft polymers contain- 
ing sulfonic acid group and/or hydroxyl group, which can be obtained by. for exanple, graft-polymerizing hydroxyalkyl 
(meth)acrylates. or monoethylenically unsaturated monomers, such as sulfonic group-containing monomers, onto the 
10 polyether compound. 

The scale inhibitor may be one containing other components other than the hydrophilic graft polymer. Examples of 
the other components are carboxyl group-containing low molecular weight polymers, such as acrylic acid/3-allyloxy-1 ,2- 
propane diol copolymer, acrylic add/2-allyloxy-l.2-propane did copolymer, acrylic acid/2-hydroxy.-3-allylOKy1-1 -pro- 
pane sulfonic acid copolymer, acrylic acid/maleic add copolymer, acrylic acid/allyl alcohol copolymer, acrylic 

75 acid/hydroxymethacrylate copolymer, maleic acid/ethylenesulfonic acid copolymer, maleic ackl/^rene copolymer, 
maleic acid/pentene copolymer, maleic acid/allyl alcohol copolymer, malac acid/ethylene copolymer, maleic acid/buta- 
diene copolymer, acrylic acid polymer, maleic add polymer, aspartic acid polymer, or glyoxylic acid type polymer; inor- 
ganic polyphosphoric acid salts, such as organosuKonic acid, sodium tripolyphosphate, or sodium hexametaphosphate; 
phosphonic acids, such as nitrotrimethylene phosphonic acid, hydroxyethylidene phosphonic add, ethylenediamin ' 

20 tetramethylene phosphonic acid, or phosphonobutane tricarboxylic acid; metal salts, such as zinc, chromium, or man- 
ganese; anticon-osives; alga preventing agents: preservatives; antimolds; antibacterial agents; slime controlling agents; 
chelating agents, such as etiiylenediamine tetraacetic acid (EDTA). diethylenetriamine pentaacetic add (DTPA)! 
hydroxyiminodisuccinic add (HIDS). iminodisucdnic add (IDS), or dtric acid; can lubricants; deoiddizers; sludge disper- 
sants; carry-over preventing agents: and the like. Those other components may be used in one Wnd. or may be used In 

26 two or more.kinds. The blending amount thereof is not particularly Dmited. 

[Hydrophilic graft polyrher (A) and use thereof] 

The hydrophilic graft.polymer (A) according to the present invention is a polymer obtained by graft-polymerizing tiie 
30 above-mentioned monoethylenically unsaturated monomer onto the above-mentioned polyether compound. The purity 
of tiiis hydrophilic graft polymer is at least 75%. preferably at least 80%. and more preferably at least 85%. If the purity 
is less than 75%. ttie purity is low and dispersibility is decreased. As a result, where it is used for the scale inhibitor or 
the like mentioned below, the desired performances cannot sufficiently be obtained. 

The hydrophilic graft polymer (A) of the present invention has high purity and high dispersibility. Therefore, it is pref- 
35 erably used for the scale inhibitor below mentioned, builders for detergent, ftoer treating agents, pigment di^ersants. 
organic and inorganic particle dispersants, assistants for paper^making. cement additives, dispersants for CWM. foam- 
ing agents, foam reinforcing agent, compatibilizers, solubilizers. rust preventing agents, emulsifiers. assistants for dye- 
ing, and the like. 

This hydrophilic graft polymer (A) can be directiy dissolved in a solvent such as water or alcohol and used for the 
40 above uses, but may be used by adding a base to convert to a salt of carboxylic acid. Examples of the base are hydrox- 
ides of alkali metals and alkali earth metals, such as sodium hydroxide, potassium hydroxide, caldum hydroxide, or lith- 
ium hydroxide; cartK)nates of alkali metals and alkali earth metals, such as sodium cartonate. calcium cartxjnate. or 
lithium cart>onate; amines, such as ammonia, monoethanolamine. diethanolamine. or trielhanolamine; and tfie like. 
Those are used alone or in- two or more kinds thereof. As the solvent, water is preferable. 
45 The process for producing the hydrophilic graft polymer (A) of the present invention is not particularly limited, and 
the above-mentioned production process (such as tfie process induding the step of graft-polymerizing ttie monoethyl- 
enically unsaturated monomer onto ttie polyetfier compound in ttie presence of the organic peroxide and ttie acidic sub- 
stance) can be exemplified as ttie preferable one. The hydrophilic graft polymer (A) as obtained by ttiis production 
process is such ttiat graft ratio of the monoetiiylenically unsaturated monomer is high, and its purity is high. 
so The scale inhibitor according to ttie present invention contains ttiis hydrophilic graft polymer (A) as an essential 
component, and strongly disperses water-insoluble inorganic partides. such as caldum cartDonate. ttiereby inhtoiting 
formation of scales. 

The scale inhibitor furtiier improves the scale inhteitability if gelation resistance of the hydrophUic graft polymer (A) 
is high. The above-mentioned hydrophilic graft polymer (A) has high gelatfon resistance as compared wrtti conventional 
55 polycaiboxylic add type polymers. Examples of ttie hydrophilic graft polymer (A) having high gelation resistance are 
hydrophilic graft polymers (A) having sulfonic add group and/or hydroxyl group. Those can be obtained by. for exarrple. 
graftiX)lymerizing monoetiiylenically unsaturated monomers, such as hydroxyalkyl (metii)acrylates or sulfonic add 
group-containing monomers, onto the polyettier compound. 
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The scale inhtoitor may contain components other than the hydroph.l.c graft polymer (A) -^"J",!® ^^H ® STo 
components are oiBanosultonic adds; phosphoric add compounds, such as polymerized P"^"'?*"^ 
S^onlc acid saHs: salts of metals, such as zinc, chromium, or manganese; corrosion '"►^'"^•^'"l^^'J"; 
agS cheSng agents: can-cleaning agents; deoxidizers; anticorrosives; sludge dsPff^' 

reisers i!nv?prev;^^^^^ 
[rriS^ISSl^niSs may iDe tked alone or in tw^^^^ 

ited. 

[Use of hydrophllic graft polymer (B)] 

The scale inhibitor, according to the present invention, is characterized by comprising a polymer (B) which te 
obta^i ^ p ^ S^SiclSing the step of graft-polymerizing the monoethylenically unsaturated monomer componerj 
onS ^ potSZ compound and h« a hydroxy! group value of 30 mgl«)H/g or more and an acd value o^ 200 
^KOW^ nZ S^king the polymer (B) have the hydroxy! group value of 30 mgKOH/g or more, ttie scale .nhib- 
SSSr to zTn^roxWe is greatly Snproved. By making the polymer (B) have the add value of 200 mgKOH/g or more. 
TZTe fr^STto c^um ph,^hate and caldum carbonate is greatly improved. THe hydroxyl group value « 
prefSSr 50^KOH/g or more and more preferably 100 mgKOH/g or more. The acd value « preferably 220 
mgKOH/g or more, and more preferably 240 mgKOH/g or more. 

20 [Method for inhibiting scales] 

Next the method for inhibiting scales using the scale inhtoitor of the present invention is explained. 
^Se sSTe InhtoHor of the present invention is added as H Is. to an aqueous -y^^-J^^^^ ^'^J^^ 
or boiler water system, or to oil field. When the scale inhibitor contains components '^^^ll^J^^'^^^ 
araft oolvmer it can be added separately. In adding the scale inhibitor to an aqueous system, it is preferable to add the 
SJeTn SS^S^ irphospEoric add type compound and/or zinc salt. The reason for this is that both eff«*s o^ 
J^tSnT^JToSof iron pipings used as a passageway of an aqueous systenr and of presenting ^^^^ 
Si can be increased. Examples of the phosphoric add type compound are polymerized phosphoric acKl (salt). 
^Sto adi S phosphorous add (salt), and the like, and examples of the zinc salt are zinc rjttate zinc phos- 
phS zinc chlorkJe. and the like. It is preferable that the scale inhibitor of the present invention is added in an amount 
of O-Sto 50 ppm as the total amount with the phosphoric add type compound and/or zinc salt. ^ ,^„^ 

The scal^ inNbitor according to the present invention can be directly added to ^^^^fTli:^^,^^ 
water system boiler water system, seawater desalination apparatus, pulp digester, or bla* liquid concentraton tenK 
Tto oSd Vhe addition alunt thereof is 1 to 1 00 ppm. Where the scale inhibitor contains other components other 
35 than the above hydrophflic graft polymer, those can be separately added. ^ 

The scale inhibitor aoooKfing to the present invention can be used for inhibition and removal of scales, such as rai 
dum^rS^^r«JlSum phospLe. ziS: hydroxide, barium sulfate, caldum sulfate, caldum sulfite, calcium silicate, 
magnesium silicate, zinc phosphate, basic zinc carbonate, sllidc salts, silica, or iron. 

40 (Effects and Advantages of the Invention): 

The hydrophllic graft polymer-containing composition according to the present invention has excellent physical 
properties, sudi as dispersibility. gelation resistance, and has low viscosity. maWng it easy to hand ft 

In the production process for the hydrophllic graft polymer according to the present invention, the graft ratio of the 
45 monoethylenically unsaturated monomer is high, and unreacted pdyelher compound is 1^ ™ 

The hydrophiBc graft polymer according to the present invention is sudi that since the unreacted pdyelher oom- 
Dound is less, the purity is high and dispersibility is high. ^ ..mm«s»» anH 

^e scale inhibto7aooorefing to the present invention has high scale inWbitabillty. and .8 effect«.e in inh.brt.ng and 
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remos^ing scales, such as calcium carbonate. ^ - w ^ 

The scale inhibitor of the present invention is easily produced, and the scale inhibition method using such a scale 
inhibitor is particularly effective In inhibition of scales of calcium phosphate or zinc hydroxide. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention is illustrated in more detail by the following examples of P^;^;^^ 
ments in comparison with comparative examples not according to the invention. However, the present invention is not 
limited to the below-mentioned examples. 
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100 Paris by weight of phenoxypolyethylene glycol having weight-average molecular weight of 530 (nutUjer-aver- 
age motecular we«ht: 530) (obtained by adding 1 0 mols. on the average, of ethylene oxide to phenol) anJsi^ ^ 

ton pipe and a reflux condenser, and the charged materials were heated under nitrogen stream to obteJn a sSon 

I L J ^" ^"^ '° P*^« «'«9W of PERBUTYL C (coXning SOTfe of tert 

bmylcumyl peroxde^ product of Nippon Oils and Fats Co) were separately added dropwise continuou^ totti 
soluton for 1 hour. For another 1 hour, stirring of the reaction mixture was continued to obtain a hydrophilic graft ooly- 
STlTclS'S^C^r^"" °* composition was measured using a B-type viscom«^ waifouS to 

J^® ^T"!?!* "'fl^ neutralized using sodium hydroxide to convert cartjoxyl group contained in the com- 

^irt.^^"^ ^ """position was heated and evaporated to d^L, tS^v miteri^^ 

Zt^J^ t'^as^n'-^eC that Ihiscomponent was phenoxypolyethylene glycol (polyether compound) of the 
Next, whoi the residue after extraction was separated using hydrophobic chromatography. H was fractionated into 
r ^ N"^"- the analytical resuH. it walS^nd^i ^ S« 

tons was a hydrophrttc graft polymer (weight-average molecular weight 4.960) comprising a pd^er^ ZTa gSt 
Cham moiety m which maleic acid and acrylic acid were gmft-polymerized. Ratio 7the fSlye*e^L?^,SThe Sft 

TJ^Z^ X^^T ^ "^"^ (-«-9«-«'««9e "^'ecular weight 1 .240, in which maleic add and acrylic 
Mutual proportions of the hydrophilic graft polymer, polyether corrpound. and unsaturated carboxyiic add type doI- 
r^?r3!!2.?i'Sr.l~Tf 2^""** "'^^ ^ ^^"^ 83% by wejht the pSy^er 

Scale inhiljition performance test dispersibility test, and gelaton resistance test mentioned below were conducted 

[Scale inhibition performance test] 

°! ^ ^"""^ comprising 1 mg/1 of the hydrophilic graft polymer-containing comoosition 

278 mg/I (calaum: 100 mg/l) of calcium diloride. and 210 mg/l of sodium hydrJenSSonatfSw^nSS 
usjng NaOH aqueous solution and/or HO aqueous solution, were charged ii^o a vesserarStwrJir^fSS 

'°^'^**^'^^20 hours. After standing, the test 1^^^^ 
finer of0.45Mm.7hefiltrate was titrated with EDTAtodeterminecaldum in the fiTtra^^^ 

^med by C (mg/a The test liquid not containing hydrophilic graft polymerKX,ntaining co-^SSJl^^^ S 
same manner as above to detemiine calcium. The determined amount was represeStedTT (SJTvS^ wSe 
introducedintolhef«lowingequation.andpercemageofscaleinhibltionwascXute^^^ oy b (mg/.,. B and C were 

■ Percentage of scale inhibition(%) = (C-B)/(100 • B) x 100 

[Dispersibility test) 

eter 2.5 cni) with a plug, and water was further added thereto to be 1 00 ml in the total. Sodium hydroxide aaueo!« M^^ 

^^^^^ ? ^^^""^ *^ *«rtcai) of Wate Pure Chemicals) we^SrSi adS^ 

tt^ereto. and ttieco^Dnmetncppe was shaken up and down 100 

SnSZ,S^2f h'' ' """"^^^ ^ ^ ^^'a^ Of 15 cm from the bottl aii ^ncTn^S 
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[Gelation resistance test] 

1 000 ml of a test liquid (Politzsch's buffer liqufd) having pH of 8.5 in which concentration of the hydrophOic gratt 
device. Gelation resistance is high as concentration of the composition is high. 



EXAMPLE 2 



170 Parts by weight of methoxypdyethylene glycol having weight-average molecular weight of 5.000 ("""jj^^ 
170 Parts ''V ^""^^^ JL ^ weight of maleic acid were charged into a glass reactor equpped with 

age '^'^'^'^^^^fS^ pje and a reflux condenser, and the charged materials were heated 

Tpprhexa V (containing 90% of n-butyl-4.4'-bis(tert-butylperoxy) octane, a product of Nippon Oils and Fats Co.) 
weTe^Sdr^iTe^^^^ ab^ve solutiSI for 20 minutes. Then, for 1 hour, stirring of the reaction mixture v«s c»nt,. 
uS to^tSn X'JphHic graft polymer-containing composition. Viscosity of this composition was measured using a 

posiii^inld mSo^lyethylene glycol (polyether compound) having 9« "^'^^Jl^':!^ 

^STa M^h^c graft f^ner (weight-average molecular weight 20.000) comprising a "S'^f^'^f^': J"^^ 
5 000. a "y™?P™"^? „Xie acid and acrvBc add were graft-polymerized, and an unsaturated caitwxylic acid type pol- 

rme?S-avX^^ 

vmer M^^ned in the conposition obtained were that the hydrophflic graft polymer was 72% by weight tje polyjhw 
rr^o^wa?2?rj/wSS. and the unsaturated ca^^ 

~lSteInhtt,«on performance test, dispersibil^ test, and ^^^^^ 

tlon obtained in the same manner as in Example 1. As a result, percentage of scale inhibrtion was 80%. depersibility 
was 510 ppm. and gelation resistance was 5 ppm. 

COMPARATIVE EXAMPLE 1 

100 Parts by weight of polyethylene glycol having weight-average molecular weight of 200.000 (numtj^aveage 
moleail J wii^»?(»0). ari 20 parts by weight of water were charged into a glass reactor equipped wrth a iher- 
^SlTrS a nSaen introduction p^ and a reflux condenser, and the charged materials were heat«l under 
ZLen sJS;^ to o^^S'a soSi ™^ heated to a temperature of 100 -C under stirring^52 Parte by 

wSitS acw ISf 2.6 parts by weight of PERBUTYL O (containing 97% of tert-butylpero)V-2-ettvlhexanate^ 
7^<^ ui^Sis^ Fate CO.) were ideddropwise to the above solution. Heating the ^««*^«"J™r,'ir^rS^ 
Kfan 20% for 2 hours to obtain a comparative composition. It was attempted to measure viscosrty of tfiis compo- 
yoTrusingaB-typeviscometer.butmeasurementcoJdnotbemadeduetotoohighvisc^^^ itwasfound 
As a resuH ^analyzing the obtained comparative compositton in the same manner as in Examp e 1 it was four^ 
that 4 S.pc^Wo?rSntained ethylene glycol (polyether compound) having r^^.^Zi1. 
2T0 OOa ThiSropNIic graft polymer (weight-average molecular weight 280.000) composing a ^^^^ 
g^flT^nnS^^in wtSch nSeracii. andaa^^^^ 

Symer (weig^average molecular weight 13.500) in which acrylic add was polymenzed. The polyether part/graft 

nrJarp;;::srrhrr;^^^^^^ 

yJr^tZ in the comparative composition obtained were that the hydrophilic graft polymer was 46% by weigW^ 
Te^liXr impound w« 43% by weight, and the unsaturated ca*oxylic add type polymer was 1 1% by weight. « 

™rrnT™test. d.spersa.1^ test and gela«on re.^^^ 
55 tion obtained in the same manner as in Example 1 . As a result, percentage of scale inhibition was 13%. disperstodrty 
was 130 ppm. and gtiation rasistance was 1 ppm. 
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COMPARATIVE EXAMPLE 2 

200 Parts by waght of methoxypolyethylene glycol having weight-average molecular weight of 480 (number-aver- 
dJ^^ * charg^lnto a glass reactor equipped with a thermorrteter. I stirreTa SSgS ^Z- 

ducbon pipe, and a reflux conder»er. and were heated under nitfogen stream to obtain a solution This solution 
heated to a temperature of 128 -C under stirring. Next, while maintaining the temperature at 128 to si-C 21 rSlTS 
weight of acrylic acid, and 1.9 parts by weight of PERHEXA V (containing^ of n^juM-J 4?bi Jft'^^SItoS 
oxy octane, a product of Nppon Oils and Fats Ca) were added drapiise to the above sduS^t 30 S^^e^ 
SvlSliSSl*'' reaction mixture wascontinuedtoobtain a comparative composition. V^^Zfelo^: 
ative composition was measured using a B-type viscometer, and was found to be 3.000 cps (100 'C> 
.hot t^analyzing the obtained comparative composition in the same manner as in Example 1 it was found 

S J1T^^°" ""^'"^ methoxypolyethylene glycol (polyether compound) having weighS^erage ^ST^ 
TTn 1^'- ^ "^"^aiT^ (weight-average molecular weigwT^O) ^mpri^iiTa JXfmSS^^ 

fiZT "^^ .'^'^ ^'^''^ graftiwlymerized. and an unsaturated^ca*Sxyin<^ t^Te 

Mutual proportions of the hydrophilic graft polymer, polyether compound, and unsaturated caiboxylic add tvoe doI- 
thTi^fT'"'^ "^^jr^T^^ composition obtained were that the hydropNIic graft pdyml^T^Xby^eiS 

th^N^r;;-^;;?^::^.^^''^'^^'^^^ 

Scale inhibition performance test, dispersibility test, and gelation resistance test were conducted on the comDara- 
tove oomposrtion obtained in the same manner as in Example 1. As a result, percentage of scate 
dispersibility was 290 ppm. and gelation resistance was 5 ppm. «nnibition was 24%. 

25 EXAMPLES 

nhonnTh?^ °* Pf'enoxypolyethylene glycol (obtained by adding 10 moles, on average, of ethylene oxide to 

phenol) having a number-average molecular weight of 530. 51.8 parts by weight of maleic acid and sZrtTL 
of p-toaienesulfonic add monohydrate were d«rged into a glass reactor ^uified\^^^^ Sr^ a nff 

^^r!??^'''^; ^ '^'"^ miSre^s dissolveJSreSfr^g uS niC^^ 

sfream. and t«^erature was raised to 128 "C under stirring. While maintaining the temperaJe aT^ltoTsi ™C « S 

S^.2Tm^^ °' o':^"" ^J^- ^0 P«rt« "«9ht of PERBUTYL 2 (corSining 98^ tert-.^ SoX^SrtTa 

srrr^ °;^^„TgSsr""^'^ ^ 

formlllL^S'^t SifuS S?r« ^*'"r* "^f ^"^ ^"^ ^-S^- "^^ '"hibition per- 

tormance test was conducted on this graft polymer. As a result, the percentage of scale inhibition was 50%. 
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mJi^^ ^ ^ ? methoxypolyethylene glycol (obtained by adding l o moles, on average, of ethylene oxide to 
methanol) having a number-average molecular weight of 470. 52.3 parts by weight of maleic add ^Ti^^ 
weight of sulfuric add were diarged into a glass reactor equipped withamS^Sr aX^ Tl^1^,S!^ 
pipe and a reflux condenser. The resulting barged mixtuTe diss<^£^^^'u^^^^^^T^^ 
perature was raised to 126 under stirring. While maintaining the temperatore at iL tT?M f^'bv wS 

to ob^n it^uj^r ^^^^ '"^^ ' ^ ^ r;?^r 

formII;L^l2'^« l^Z^Jl ^T^' ^ was.94.5% The foOowing scale inhibition per- 

formance test was conducted on this graft polymer. As a result, the percentage of scale inhibition was 48%. 

EXAMPLE 5 

rti^ °* Phenowolyethylene glycol (obtained by adding 1 0 moles, on average, of ethylene oxide to 

"^'^'^ °^ 53-2 parts by weight of maleic add and elSJby wefgS 
Dtof^^ ""^^ ^ ^ «^ a fhemiometer. a stirrer. a^^^^S 

peraiur^v^^ts'^toS'^^^^^^ 

rJa^^Tt f "«'"te'"'nB the temperature at 125 to 130 'C. 49 4 parts bv weioht 

Of aaylicacd. and lOpartsby weight Of PERBUTYL2(co,«aining98%ter,-butylpe,oxybe^^^^ 
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Oils and Fate Co.) were separately added dropwise continuously for 1 hour, and stinring was then continued for 1 hour 
'°**^e3l?rm"egraftpo.^^^ 

fonrTnL'Sl^^ SlJited Sn L graft polymer. As a resuft. the parentage of scale .nhtortK,n was 51% 

COMPARATIVE EXAMPLE 3 

T o.r*. hw w«ioht of methoxvDOlyethylene glycol (obtained by adding 45 moles, on average, of ethylene adde to 
7 Parts by weight 2 000 and 13.9 parts by weight of maleic acid were charged 

methanol) having a """^er-average "^^^^.^f^";;;^^^ intSluction pipe, and a reflux condenser. The 
into a glass reactor equipped with a «\ermometer and temperature was raised to 145 -C under 

bition was 40%. 
Experimental Example 1 

1 00 Parts by weight of phenoxypolyethylene glycol having ^ nunrtber-average molecular weight of 300. and 20 parte 

ued for 80 minutes to obtain a graft polymer 1 . 
Experimental Example 2 

100 Parts bv weiaht of polyethylene glycol having a number-average molecular weight of 800. and 10 parts of 
n«ira™:X?ntr/Q!^ 

and stirring was further continued for 40 minutes to obtain a graft polymer 2. 
Experimental Example 3 

100 Parts bv weiaht of polyethylene glycol having a number-average molecular weight of 200. and » parte^ 
we.grof'Tel^arwt cSrU V«o a gLs reactor equipped ^t^^'-Tm^^-^'^^^^^ 
pipe, and a reflux condenser, and were dissolved by heating under nrtrogen ^^^^^^J^P^^J"^*^ ST^Srt oTdi^^ 
WWle maintaining the temperature at 145 to 147 -C. 75 parts by weight of acr^ic aad. ^'f^J^^'^^^^l 
bS i^xide wL separaTely added dropwise continuously for 1 hour, and stmng was further contmued tor 90 m.n 
utes to Obtain a graft polymer 3. 

Experimental Example 4 

100 Parts by weight of phenoxypolyethylene glycol havinganumber-average molecular weightrt^ 
by wetoht S«3eic add wSe chared into a glass reactor equipped with a thermometer, a stirrer, a "Jjf 
tion^prandTr^L condenser, and were dissolved by heating under nitiogen stream. Temperature ««s^aBed to 1 20 
TZl sS'in^ i^iS^maintainmg the temperature at 1 15 to 120 -C. 40 parts by weight 
weight Of hydroS^ethyl methacrylate. and 3.5 parts by weight Of di-t-butyl pero^^^^ 
tinimusly for 1 hour, and stirring was further continued for 60 minutes to obtain a graft polymer 4. 
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100 Parte bv weiaht of phenoxypolyethylene glycol having a number-average molecular weight of 500. and 7^ 
by w^STS^rS were ch^ "ito a glass reactor equipped with a them,ometer. a stirrer, a n*ogen introduc- 
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tion pipe, and a reflux condenser, and were dissolved by heating under nitrogen stream. Temperature was raised to 145 
•C under stirring. While maintaining the temperature at 145 to 147 40 parts by weight of acrylic add, 5 parts by 
weight of aflyl alcohol, and 2.5 parts by weight of di-t-butyl peroxide were separately added dropwise contimjously for 1 
hour, and stining was further continued fw 60 minutes to obtain a graft polymer 5. 

Experimental Example 6 

100 Parts by weight of monomethoxypolyethylene glycol having a number-average molecular weight of 300, and 
30 parts by weight of maleic acid were charged into a glass reactor equipped with a themiometer. a stirrer, a nitrogen 
introduction pipe, and a reflux condenser, and were dissolved by heating under nitrogen stream. Temperature was 
raised to 145 under stimng. While maintaining the tenrperature at 145 to 147 *»C, 30 parts by weight of acrylic acid 
6 parts by weight of 3-aIlyloxy-2-hydroxypropanesutfonic acid, and 1.5 parts by weight of di-t-butyi peroxide were sep^ 
arately added dropwise continuously for l hour, and stining was further continued for 60 minutes to obtain a araft pol- 
ymer 6. .9 9^ 

Experimientai Example 7 

100 Parts by weight of monomethoxypolyethylene glycol having a number-average molecular weight of 5.000, and 
5 parts by weight of maleic acid were charged into a glass reactor equipped with a thermometer, a stin'er. a nitrogen 
introduction ppe. and a reflux condenser, and were dissolved by heating under nitrogen stream. Temperature was 
raised to 145 '^C under stirring. While maintaining the tenrperature at 145 to 147 »C. 30 parts by weight of acrylic add 
and 2.5 parts by weight of di-t-butyl peroxide were separately added dropwise continuously for 1 hour, and stirring was 
further continued for 60 minutes to obtain a graft polymer 7. 

25 Experimental Example 8 

100 Parts by weight of monomethoxypolyethylene glycol having a number-average molecular weight of 2.000 and 
5 parts by weight of maleic acid were charged into a glass reactor equipped with a thermometer, a stirrer, a nitrogen 
introduction pipe, and a reflux condenser, and were dissolved by heating under nitrogen stream. Temperature was 
30 raised to 145 •C under stirring. While maintaining the temperature at 145 to 147 •C. 25 parts by weight of acrylic add 
and 2,5 parts by weight of di-t-butyl peroxide were separately added dropwise continuously for 1 hour, and stirring was 
further continued for 60 minutes to obtain a graft polymer 8. 

Experimental Example 9 

120 Parts by weight of polyethylene glycol having a number-average molecular weight of 150. and 41.4 parts by 
weight of maleic add were charged into a glass reactor equipped with a thermometer, a stin^er. a nitrogen introduction 
pipe, and a reflux condenser, and were dissolved by heating under nitrogen stream. Temperature was raised to 128 •C 
under stirring. While maintaining the temperature at 128 •C ± 2»C, 38.6 parts by weight of acrylic add and 4 parts by 
weight of t-butylperoxybenzoate were separately added dropwise continuously for 2 hours, and stirring was further con- 
tinued tor 60 minutes to obtain a graft polymer 9. 

Experimental Example 10 

120 Parts by weight of polyethylene glycol having a number-average mdecular weight of 1 30 (a mixture of diethyl- 
ene glycol, triethylene glycol and tetraetiiylene glycol), and 41.4 parts by weight of maleic add were charged into a 
glass reactor equipped with a thermometer, a stirrer, a nitrogen introduction pipe, and a reflux condenser, and were dis- 
solved by heating under nitrogen stream. Temperature was raised to 128 under stirring. While maintaining the tem- 
perature at 128 ± 2*C, 38.6 parts by weight of acrylic acid and 4 parts by weight of t-butylperoxybenzoate were 
s^>arately added dropwise continuously for 2 hours, and stirring was further continued for 60 minutes to obtain a graft 
polymer 10. 
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Example 6 

55 (Scale inh9>ition test of calcium phosphate) 



164 g of pure water. 10 ml of 0.1% sodium hydrogen phosphate dodecahydrate aqueous solution. 10 ml of 0 73% 
caldum chloride dihydrate aqueous solution, 6 ml of 0.1% graft polymer aqueous solution, and 10 ml of 0.2% sodium 
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hydrogen cartjonate aqueous solution were added to a 200 cc lidded glass vessel, and pH was adjusted to aS using 
0 1 S^Jli^TlX^e aqueous solution. The glass vessel vms covered with the lid. and was allowed to steind under 
?hl r<?S)Tfor11) hours. After coo«ng with flowing water for 1 5 minutes, the mixture was f-tered wrth a mem- 
bSn^er of 0.45 microns, and phosphorus concentration in the filtrate was measured by ICP analysis. 

The same measurement was conducted on the system not containing the graft polymer, and percentage of scale 
inhillJon^^^ phosiSiate was obtained by the following calculation method. The results are shown .n Table 1 . 

Percentage of scale inhibition of calcium phosphate = [(measurement value of graft copolyrrier- measurement 
value without graft polymer)/(lO- measurement value without graft polymer)] x 100^^) 

Example? 

(Scale inhibition test of zinc hydroxide) 

160 0 of Dure water. 10 ml of 0.04% zinc nitrate hexahydrate aqueous solution. 10 ml of 0.73% calcium chloride 
dihydrate aqueous solution. 10 ml of 0.1% graft polymer aqueous solution, and 10 ml of O^A sodium hydrogen carton- 
ate aau«)us solution were added to a 200 cc lidded glass vessel, and pH was adjusted to 8.5 using 0.1 N sod urn 
MrSSu^^ s^^^^^^ -n^e glass vessel was covered with the lid. arxl was allowed to stand undertime con^^ 
2^ hours. After cooling wrth flowing water for 1 5 minutes, the mixture was filtered wrth a membrane f «er of 

0 45 microns, and zinc concentration in the filtrate was measured by ICP analysis. 

measurement was conducted on the system not containing the graft polymer, and percentage of scale 
inhibition of zinc hydroxide was obtained by the following calculation method. The resufts are shown in Table 1 . 

Percentage of scale inhibrtion of zinc hydroxide = [(measurement value of graft copolymer - measurement 
25 value without graft polymer)/(5 - measurement value without graft polymer)] x 1 00 (%) 
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Graft 
Polymer 


Weight-Average 
Molecular Weight 


Hydroxyl Group 
Value mgKOH/g 


Add Value 
mgKOH/g 


Percentage of 
Scale Inhibition of 

Calcium Phos- 
phate (Example 6) 


Percentage of 
Scale Inhibition of 
Zinc Hydroxide 
(Example 7) 


1 


5200 


98 


388 


88 


73 


2 


5600 


73 


285 


85 


70 


3 


4300 


287 


398 


91 


85 


4 


4500 


165 


265 


83 


99 


5 


4000 


105 


249 


82 


77 


6 


4900 


122 


315 


87 


82 


7 


11000 


8.2 


209 


80 


2 


8 


7200 ' 


22 


187 


65 


25 


9 


3000 


358 


310 


95 


89 


10 


2800 


361 


308 


94 


89 



various details of the invention may be changed without departing from its spirit not its swpe. Furthermore, ttw 
50 foregoing description of the preferred embodiments accoiding to the present invention is provided for^e purpose of 
muSat^n and not for L purpose of Umiting the invention as defined by the appended claims and the.r equiva- 
lents. 
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Claims 

1 ^hydrophilic graftpolymer-containing composition, comprising a hydropWHc graft polymer and a polyether com- 
^^Wi d' ^ esse ^rtSl components, and optionally further comprising an unsaturated carboxylic acid type polymer, 
wherein the hydiophilic graft odvmer^ obtained by a process including the step of graft-polymerizing a monoeth- 
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yienically unsaturated monomer containing an unsaturated caitx)xylic acid type monomer as an essential conpo- 
nent onto a polyether compound, and wherein the unsaturated carfooxylic add type polymer is obtained by a 
process Including the st^ of polymerizing only the monoethylenically unsaturated monomer, with the conposition 
being characterized in that mutual proportions of the hydrophflic graft polym©-. the polyether conpound, and the 
unsaturated cart>oxylic acid type polymer are such that the hydrophllic graft polymer is 60 to 98% by weight, the 
polyether compound is 20 to 40% by weight and the unsaturated carboxylic acid type polymer is 0 to S% by weight. 

2. A composition according to daim 1 , wherein the weight-average molecular weight of the hydrophilic graft polymer 
is 500 to 200.000. the weight-average molecular weight of the polyether compound is 100,000 or less, and the 
mutual weight ratio of a polyether moiety and a graft chain moiety in the hydrophilic graft polymer is polyether mol- 
ety/graft chain moiety » 1 0/90 to 80/20. 

3. A composition according to daim 1 or 2, wherein the unsaturated cartjoxylic acid type monomer contains 
(meth)acrylic add and at least one member selected from the group consisting of maleic acid, fumaric ackj. and 
maleic anhydride as essential components. 

4. A composition according to any one of claims 1 to 3, wherein the monoethylenically unsaturated monomer consists 
of the unsaturated cartxjxylic acid type monomer. 

5. A composition according to any one of claims 1 to 4, wherein the hydrophilic graft polymer has a purity of at least 



6. A composition according to any one of daims 1 to 5. wherein the hydrophilic graft polymer is a polymer which is 
obtained by a process induding the step of graft-polymerizrig a monoethylenically unsaturated monomer compo- 
nent onto a polyether compound having ethylene oxide of 80 mol% or more as a structural unit and has a hydroxyl 
group value of 30 mgKOH/g or more and an acid value of 200 mgKOH/g or more. 

7. A scale inhibitor, comprising a composition as recited in any one of claims 1 to 6 as an essential component. 

8. A scale inhibitor according to claim 7. wherein the weight-average mdecular weight off the hydrophilic graft polymer 
is 500 to 50,000, and the weight-average nrwlecular weight off the polyether compound is 20,000 or less. 

9. A hydrophilic graft polymer, which is obtained by a process induding the step of graft-polymerizing a monoethylen- 
ically unsaturated monomer containing an unsaturated carboxylic add type monomer as an essential component 
onto a polyether compound having a repeating unit represented by the following general formula: 

-RCH-CH2-O- 

(wherein R represents at least one of a hydrogen atom and a methyl group, and both may be present in one mole- 
cule) in an amount of 30 mol% or more of the whole off the polyether compound, with the hydrophilic graft polymer 
having a purity off at least 75%. 

10. A scale inha^itor, comprising a hydrophilic graft polymer as recited in claim 9 as an essential component 

11. A process for producing a hydrophilic graft polymer, which comprises the step of graft-polymerizing a monoethyl- 
enically unsaturated monomer containing an unsaturated cart>oxylic add type monomer as an essential compo- 
nent onto a polyether compound having a repeating unit represented by the following general formula: 

-RCH-CH2-O- 

(wherein R represents at least one of a hydrogen atom and a meihyi group, and both may t>e present in one mole- 
cule) in an amount of 30 mol% or more of the whole of the polyether compound in the presence of an organic per- 
oxide and at least one addic substance selected from the group consisting of organic sufftwic add conpouncte, 
phosphoric acid compounds, and inorganic acids. 

12. A process according to daim 1 1 , wherein the proportion of the unsaturated carboxylic add type monomer in the 
monoethylenically unsaturated monomer is 60% by weight or more. 
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13 A orocess according to daim 1 1 or 12. wherein the unsaturated caitwxylic acid tyr- monomer is at least one mem- 
ber selected from the group consisting of (meth)acrylic acid, maleic add. maleic . nhydride. fumarw aci4 and an 
ester which forms a cartxncyfic add by hydrolysis, and the ester is at least one member selected from the group 
consisting of (meth)acrylic add esters, malic acid esters, and fumaric add esters. 

14. A process according to any one of claims 11 to 13. wherein at least one of R in the repeating unit is a hydrogen 
atom. 

1 5. A hydroph-ilic graft polymer, which is obtained by a process as redted in any one of daims 1 1 to 14. 

1 6. A scale inhibHor. comprising a hydrophilic graft polymer as an essential oonpohent which is obtained by a process 
as recited in any one of daims 1 1 to 14. 

1 7 A hydrophilic graft polymer, which is obtained by a process induding the step of graft-polymerizing a monoethylen- 
ically unsaturated monomer component onto a polyether compound having ethylene oxide of 80 mol% or more as 
a structural unit, and has a hydroxyl group value of 30 mgKOH/g or more and an acid value of 200 mgKOH/g or 
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ia A scale inNbitor. comprising a hydrophilic graft polymer as redted in daim 17 as an essential component 

19 A scale Inhibitor according to claim 18. wherein the polyether compound is one member selected from the group 
consisting of polyalkylene glycd. alkoxypolyalkylene glycol, and aryloxypolyalMene glycol. 

2a A scale inhibitor according to claim 18 or 19. wherein a sulfonic acid group-containing monomer and/or a hydroxyl 
group<ontaining monomer are used as at least part of the monoethylenically unsaturated monomer component. 

21. A scale inltibitor for caldum phosphate, comprising a scale inhibitor as redted in any one of claims 18 to 20. 

22. A scale Inlsbitor for zinc hydroxide, comprising a scale Inhibitor as recited in any one of daims 18 to 20. 

23. A method tor inhibiting scales, comprising the step of adding a scale inhibitor as recited in any one of claimsl 8 to 
20 and a phosphoric acid type compound and/or a zinc salt to an aqueous system in a total amount of the additon 
of 0.5 to 50 ppm. 
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